Science fiction is filled with examples of body modification through technology: teleporting, virtual realities, and uploading the mind into computers. However fanciful these visions may seem, within science and technology research there is a real interest in the relationships between bodies and technologies. The aim of this article is to look at some of the ways in which computer and networking technologies are transforming notions of the body in medical research. In doing so, I will bring up two technical concepts that will be used in a philosophical manner: simulation and telepresence. These two concepts will be considered within the medical context of telesurgery or virtual surgery. Looking at current medical research through these concepts, I will raise a series of critical questions with regard to the way in which the body is situated within telesurgery. This article closes with some challenges for such research, particularly concerning views of the body as fully commensurate with data.
Two concepts: Simulation and telepresence
There are two technical concepts that are important to consider in thinking about the ways in which computer and information technologies affect the body. The first is simulation, a technical concept that has been widely elaborated within cultural and media theory. Put briefly, simulation, as I will be using the term, refers to technologies that reproduce, replicate, or model the real world (Baudrillard, 1983) . Computer-generated models of places, people, and animals in current film and TV are the most common examples of simulation. Its primary goal is to employ technology to effectively recreate objects, situations, or events. Simulation is not a thing, nor is it simply a subjective state in a viewer. Simulation will be taken here as a process, a technical process that constantly negotiates between an assumed reality and an intended reproduction. It raises issues that pertain to ontology.
The second concept we will be dealing with is telepresence. Telepresence is acting and communicating at a distance (Goldberg, 2000) . It is mediated by information technologies and often involves some type of real-time interaction. This can be found in a number of technologies, from live satellite feeds to Internet Relay Chat (IRC) to telerobotics on the Web. Its main goal is to use technology to bridge physical and geographical separation, to create a condition of being virtually present. This action at a distance emphasizes the importance of knowledge in telepresent interaction: knowing what is happening at the other end, knowing how one's actions here affect a situation over there. In short, telepresence raises the issue of epistemology.
Both simulation and telepresence are concepts that are embedded in many of the technologies we use on a daily basis, from online shopping to instant messaging. With other examples, simulation and telepresence challenge our common notions of how we verify reality. In so-called postmodern war (e.g., the Gulf War), "real TV" programs (e.g., Big Brother), and computer graphics in Hollywood cinema (Titanic), the line dividing simulations from reality becomes increasingly blurred. As the French philosopher Baudrillard (1983) noted, the perfect simulation is, paradoxically, indistinguishable from the original. All communications technologies are predicated on their ability to faithfully transmit the contradictory remote presence of the person or persons at a distant location. The perfect telepresent communication would therefore be indistinguishable from face-to-face, physical presence. Technology itself would disappear in the process.
However, as we know from individual experience, simulation and telepresence are never totally perfect. In fact, they are populated by a variety of idiosyncratic glitches: from the image pixellation of a streaming video on the Internet to the communications delay that can often accompany cellular phone calls. One response to these common errors is simply that the technology has not yet been perfected. But we might do better and ask a more fundamental question: In technologies of simulation and telepresence, is there some incommensurability between the bodies that we are and the information technologies we use? At what points do the body and technology fundamentally differ?
Telesurgery
Biomedical research into telemedicine and telesurgery provides us with an interesting example for discussing the relationships between bodies and data. A look at one such example-that of telesurgery-will provide us with a starting point.
Thacker / THE TOUCH OF TELESURGERY 421
In May 1999, the NASA-Ames Virtual Collaborative Clinic (hereafter VCC) held the first of several online, collaborative, real-time telesurgeries.
1 Surgeons at five remote locations in the United States together worked on a simulated model of a beating heart (using volumetric and magnetic resonance imaging patient-specific data). They also performed reconstructive surgery on a jawbone model (generated using 3-D models and incorporating their "CyberScalpel" technology). Using specially designed, force-feedback telemanipulators, along with computer-generated modeling, the surgeons worked directly on the simulated organs through telepresence technology. The event was hailed as a success by the VCC as well as the mainstream media. For the researchers, it marked a significant moment in the realization of telemedicine, whereby future medical practice will be assisted by the transfer of essential information (patient data, diagnostic images, etc.) to remote locations using computer and networking technologies.
The language and rhetoric of the VCC Web site presented the event as a progressive step in the technological sophistication of biomedical research. The technologies used included computer simulation and modeling, advanced networking systems, and telerobotics. Technically speaking, the primary motivation behind such research is to enable medical and surgical care to operate across physical and geographic distances (one proposed use of telesurgery is on the battlefield, when an injured soldier cannot be transported to a hospital). Other applications include surgical training, preoperative modeling of patient data (creating a virtual patient), and the use of advanced robotics systems to enable minimally or noninvasive surgery.
Telesurgery and simulation
Such experiments are part of a larger endeavor between governmental and research-based institutions to envision the future of medical practice and health care. In medical education, surgical training, and health-related databasing, technologies of simulation are of central importance.
Although simulation is in many ways a technical term, it has received a great deal of attention from cultural and media theorists, such as Baudrillard (1983) . According to Baudrillard, the simulacra is, simply put, the "copy without an original." Pointing to a range of examples, Baudrillard suggested that technologies of simulation increasingly blur the distinction between the real event and its reproduction.
For Baudrillard, simulation is different than feigning, deception, or dissimulation. Whereas dissimulation is closer to make-believe or play acting, simulation actually takes on the attributes of that which is being simulated. In doing so, it threatens the boundary between true and false, as well as our procedures of verification. In Baudrillard's example, the person who simulates illness actually produces the symptoms of the illness and is not simply faking. This process of blurring the distinction between the real and the simulation is significantly different from the traditional function of representation. No longer do representations point to or refer to the objects they represent. Instead, simulation comes to actually precede reality in the same way that an
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architect's model of a building comes before the actual building. This is what Baudrillard called the "precession of simulacra." Instead of a representation being derived from reality, simulation folds back on reality and actually begins to model reality to affect the ways in which reality takes shape.
Baudrillard's examples of this precession of simulation include film (the ways in which movie sets construct an image of the past), war (the computerized, video-game logic of the Gulf War), and modern genetics (where the "code of life" of DNA stands in for the individual). In each of these examples, Baudrillard traced a delirious trajectory in which the real world can no longer be verified, simply because it has always already been replicated, reproduced, and modeled. Verification of the real world thus paradoxically depends on having the technological capability of modeling reality and gathering data about the world.
Although we question Baudrillard's headlong rush into "the loss of the real," a number of questions arise from an experiment such as the VCC's. Although its potential medical benefits are self-evident, telesurgery prompts us to ask certain questions about the human body: What is the difference between the patient's real body and a highly detailed simulation of that patient's body? What kinds of transformations are taking place in the techniques of surgery, the touch of the surgeon's hands, and the gaze of the surgeon's eyes? Finally, what do the surgeons in the telesurgical procedure operate on-where exactly is the patient in such a virtual environment?
Telesurgery and telepresence
Combining contemporary medical technologies, computer modeling, and developments in robotics and telerobotics, the VCC constructs a real-time, telepresent situation, in which speed, precision, and feedback play crucial roles. Not to be forgotten, of course, is the patient's body integrated into this loop. In telesurgical environments such as those at the VCC, there are two labs at a physical distance from each other. In one lab-the remote operative site-there is the patient, surrounded by biomedical technologies, output sources (video cameras, diagnostic readouts, communications lines with assistants), and input sources (a remote-controlled robotic apparatus that exactly mimes the movements of the physician surgeon at the remote site). In another lab-the remote site-a surgeon may sit within an apparatus combining telerobotic controllers and an array of computer monitors displaying patient output. By assessing and monitoring the patient output, the remote surgeon carries out surgical procedures through a telerobotic system that immediately translates movement data from the surgeon to movement instructions to the robot arm at the remote operative site. As may be guessed, one of the primary technical difficulties facing telesurgery is the instantaneous, smooth, and precise correlation of the surgeon's hands with the telerobotic manipulators.
Given this description, there are several elements that distinguish telesurgery from more conventional modes of surgical practice. The traditional physician-patient relationship, based as it is on the classical Galenic principles of observation and patient
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testimony, has here been radically transformed.
2 The touch of the surgeon and the observational gaze of the physician are now distanced by technological mediation. In one sense, this is nothing new. Medical technologies such as X rays or computerized tomography scans have, for some time, mediated the body of the patient through its technological representation. 3 However, what the telesurgical environment presents us with is a network, that is, an integrated loop in which the patient's body, robotic instruments, data transfer, and remote surgeon collectively function toward the application of a given surgical procedure. The surgeon must telepresently touch the body of the patient over a distance; he or she becomes simultaneously near and far, present and yet distanced by the layers of technical mediation that telesurgery incorporates.
Where is the body?
Creating telepresence requires a sophisticated technical apparatus that can create an "as if" effectiveness and yet function with a high degree of reliability. The use of computer modeling and simulation comes to play an equally important role in telesurgery. In virtual environments such as those employed in telesurgery, the biomedical body of the patient is translated into data, and these data generate models within the virtual environment that correspond to the patient's body. Thus, when surgeons telematically operate on a model of a beating heart in a virtual environment, they are, in essence, programming-modulating patterns in computer code sent over a network. The interface for that code is a certain type of simulated space. In it, we find code creating a model of an organ, code being streamed over high-speed networks, codes recording and relaying hand and CyberScalpel movements, and feedback codes from the model organ.
If we take Baudrillard's (1983) comments earlier concerning the "precession" of simulation, the telesurgical research of the VCC can been also be seen as models that precede the real. In other words, the fundamental logic underlying a phenomenon such as telesurgery is that in some important way, the body is data and, more important, that the body can be accounted for by data. The logical extension of this situation is that what comes to count as the norm, the standard against which telesurgery will measure the health of the human body, will increasingly be the simulations and data generated from the virtual environment rather than the condition of the body of the patient. The procedures of patient monitoring and diagnosis will be read (or decoded) through medical simulation, which precedes the real, physical body of the patient.
In many ways, the VCC experiments already demonstrate this strange virtualization of the body. It is important to recall that the telesurgical operations performed at the VCC were trials and not actual surgeries performed on the actual bodies of patients. In other words, the VCC had no need for real, physical bodies in its research; telesurgery is a procedure that, technically speaking, can happen with or without the presence of the actual body of the patient. Certainly the trial at the VCC needed patient data to model and simulate selected regions of the body, but one of main advantages to telesurgery is that surgeons can be trained in virtual environments that
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will, for all intents and purposes, be exactly the same as the ones in which they will really operate. 4 It is in this sense that telesurgery operates totally on the level of simulation, and it does so through telepresence. Although the body of the patient is certainly integrated into this loop, it is nevertheless always preceded by the central importance of the simulation. In the same way that surgeons performing a laproscopic surgery (e.g., in the use of endoscopes) must pay attention first and foremost to the video monitor and secondarily to the patient, the telesurgeon must first pay attention to and work on the simulated model on the computer screen. Simulation displaces the body of the patient with a different body of real-time, 3-D modeling and data output.
Challenges
Research in telesurgery demonstrates some of the challenges in the ongoing attempt to correlate bodies and data in biomedicine. Writing about the scientific field of cybernetics during the postwar era, Norbert Wiener (1954) hypothesized that it would be theoretically possible to telegraphically transmit a human being. As Wiener stated, the individuality of the body is that of a flame rather than that of a stone, of a form rather than a bit of substance. This form can be transmitted or modified and duplicated, although at present we know only how to duplicate it over a short distance. . . . Since this is so, there is no absolute distinction between the types of transmission which we can use for sending a telegram from country to country and the types of transmission which at least are theoretically possible for transmitting a living organism such as a human being. (p. 103) For Wiener, as for other information theorists of the time, the human organism could be approached as an informational system composed of inputs (sensors), outputs (effectors), data transmission networks, and feedback loops. Such an approach informed cybernetics research into areas as diverse as telecommunications, neurophysiology, sociology, and military technology. What is of central importance for such approaches is not substance but rather disembodied pattern. Wiener stated that "the fundamental idea of communication is that of the transmission of messages, and that the bodily transmission of matter and messages is only one conceivable way of attaining that end" (p. 104). The central challenge for a cybernetic approach to the human body is therefore to reconcile any incommensurabilities between the body and technology, flesh and data (Hayles, 1999) . If biological materiality can be converted into data, then it would seem possible, at least on a theoretical level, to have networked bodies: uploadable, downloadable, or as a real-time data transfer.
When the body is approached as essentially information, the issues of verification and accountability become extremely important. If the telesurgical environment is a closed, integrated technological loop, how does the surgeon verify technical error, and who becomes accountable for such glitches? The challenges that remain for future research into telemedicine broadly and telesurgery specifically will thus emphasize Thacker / THE TOUCH OF TELESURGERY 425 the transformations occurring to both physician and patient as embodied, interacting subjects.
As previously mentioned, one of the characteristics of the VCC's telesurgery environment is that it places both a distance and a connection between physician and patient. Although this is the necessary condition for telesurgery to begin with, the quality of the interactions between physician and patient will be crucial. Because the telesurgeon essentially modifies information (programming) rather than operating directly on a body, the challenge for future research is to develop a process through which the physical body of the patient is not overabstracted by computer modeling and code. Medicine, perhaps more than any other discourse on the body, should constantly remind itself of the materiality of the biological body.
Thus, given the tendency of many biomedical technologies to approach bodies as data, a central challenge for telesurgery will be to demand that data also be embodied. This may mean ensuring that physicians relate to individuals as well as the data of a patient profile. It can also mean making sure that in the virtual environment, the flight-simulator logic of telesurgery does not overwhelm the very real issues of verification and accountability that, in the end, affect the patient.
Looking at the ways in which simulation and telepresence operate in virtual environments, we should note that bodies and data are not always commensurate with each other. In approaching everything on the level of data, virtual environments such as those used in telesurgery will have to address the troubling displacement of the material and physical orders. On the other hand, to simply denounce such technologies as a threat to the natural body is both naive and reductive. A technical, social, and bioethical approach to such new technologies will have to consistently take into account the connections and disconnections between bodies in these biomedical contexts. Whether the domains of the physical body and the flesh can coexist with the practices of simulation through telepresence is something that future research will have to consider carefully.
Notes

